Power-ups are a type of game reward that allow the player to customise their experience by altering gameplay for a short period of time. Despite the wide use of power-ups in video games, little is known about their effect on gaming experiences. To explore this, we conducted an experimental study that compares the experiences of players depending on their exposure to power-ups in a recreational video game. The results show that players who collected power-ups felt significantly more immersed in the game, experienced more autonomy, but did not feel more competent or challenged than those who played the game without these collectables. Interestingly, a similar effect was observed for those players who picked up 'placebo' power-ups, despite the items having no effect on the gameplay. We provide a discussion of these results and their implications both for games user researchers and game designers.
INTRODUCTION
Playing video games is usually a rewarding experience. Part of this experience comes from the player's performance in the game, which is motivated through the use of different mechanics, including providing in-game rewards to commemorate one's achievements, leaderboards to compare how well the player is doing against others playing the same game, though levelling the character up, and many others. Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request One's performance in the game is not only influenced by their abilities as a player, e.g. their dexterity, problem solving, or decision making skills, but also through in-game parameters, which include the character's health and power, the strength and abilities of enemies, the availability of special items, etc.
Some video games offer in-game rewards in the form of items that give players extra abilities or modify their current skills for a short period of time [1] . These rewards are called powerups. They can temporarily strengthen a player's attack, helping them to get out of a difficult section within the game, or make the character invincible for a brief period of time.
Power-ups can be viewed as a class of persuasive techniques [14] that work as a boost to a player's performance. Denisova and Cairns [10] , however, argue that improvement in one's performance can be achieved without the implementation of the functionality of such in-game features. Instead, players improve their performance or experience through their own skills and expectations, a phenomenon known as the placebo effect, typically used in medical and wellbeing contexts [17] .
Empirical research studying the effect of power-ups on player experience and performance is, however, limited. Moreover, the research into the role of expectations of players in shaping their gaming experience has only been recently covered in games user research (see [9] ).
To explore the influence of power-ups on player experience and performance in the game, and to evaluate the extent to which the experiences of a player are due to the game or the player's expectations about the game, we conducted an experimental study using some of the most commonly found power-ups in video games. By augmenting a game with powerups and comparing it to the same game without power-ups, and to a version with placebo power-ups (visually identical power-ups, but without the actual benefits), we aimed to understand whether this phenomenon existed, and, if so, what its effects were. We measured widely recognised subjective player experiences: immersion, competence, and autonomy.
POWER-UPS AND PLAYER EXPERIENCES
Player experience is not shaped by one, overarching factor, but by a multitude of in-game elements which combine together to create a complete, immersive game. These different game elements and their effects on player experience make up a large [2] , the point of view through which the player is interacting with the game world [8] , the use of diegetic and non-diegetic game elements [19] , points [5] or badges [3] received by the player according to their performance.
Rewards are one way to encourage the player to invest time and effort into playing a game. Rewarding the player through in-game mechanics has been shown to have an effect on their performance [26] and to promote positive experience [6] . Rewards advancing the feeling of competence can increase the player's intrinsic motivation [6] , while rewards that are not linked to gameplay could have a negative impact on autonomy [27] and detract from intrinsic motivation [7] .
Defining Power-ups in Video Games
Power-ups are a type of reward that is linked directly to gameplay, which allows the player to experience increased capabilities by giving their character additional powers [1] . This game mechanic is used to alter gameplay and influence the behaviour or availability of other game mechanics [16] . Typically, the player can find power-ups pre-placed or randomly spawned around the game world, and some dropped by defeated enemies. When picked up, their effects usually last for a specified period of time. Sometimes their effect can disappear after a certain number of uses or last until the player is hit or killed [24] . In some games, players can also 'earn' power-ups, e.g. certain exergames grant power-ups for reaching a target heart rate [23] or some racing games (e.g., Mario Kart) offer power-ups when a player falls far behind -they provide a speed boost or grant additional ways to damage and slow down the player's opponents.
Video games offer different types of power-ups that modify different in-game parameters. Offensive abilities allow the player to pick up a new weapon, increase the players' attack power or, conversely, make the enemies weaker or more vulnerable. Perhaps the most widely known example of such power-up is Power Pellets in Pac-Man, which offers Pac-Man temporary invincibility and ability to attack ghosts.
Defensive abilities help to safeguard the character by surrounding them with a shield that deflects or absorbs damage, or provides invincibility to the character for a short period of time. Various examples of such power-ups are found in Overwatch or Sonic franchise, e.g. a Shield would offer one-off protection from harm caused by enemy snipers or abilities.
Evasive abilities allow the player to avoid enemies. These are also common in Sonic franchise, e.g. Speed Shoes, in Sonic Adventures, allow Sonic to accelerate for a period of time to bypass any enemies he encounters along the way. Similarly, in Mario Kart, the mushroom provides a temporary speed boost to the player, which can be used to overtake others or cut corners whenever needed.
Another form of power-ups is linked to the players' stats.
Health and life reserves regenerate lost health, temporarily increase health capacity, or add an extra life. Similarly, a player can restore some of or increase the capacity for their resources by collecting a power-up. These typically include ammunition, fuel, mana (magic), or stamina points. These power-ups can also be found in other forms, such as health or magic potions commonly used in RPGs. For example, in the The Legend of Zelda series, the player can refill Link's magic meter with a Green potion.
Another mechanic, which does not rely on the player picking a power-up in the game world and is often used in platformers, allows players to acquire a new life by collecting a specific number of items, e.g. in Sonic Adventure, collecting 100 gold rings grants the player an extra life.
Depending on the behaviour of these power-ups in the game, they can be further classified into the four categories proposed by Lange-Nielsen [24] :
Expendable and stored Power-ups that are stored in the inventory and which disappear from it once consumed, e.g. health replenishing potions in Final Fantasy VII;
Expendable and instant Power-ups that take an immediate effect once picked up. They cannot be stored for later and disappear once consumed. However, another item of this kind might resurface, e.g. Star Power in Super Mario Bros;
Constant Also known as the "Upgrade" -a power-up that permanently modifies gameplay features, e.g. spells-based modifications to weapons in Oblivion;
Re-chargeable Power-ups that are similar to constant, but need other items to be refilled, e.g. Missile Launcher in Metroid Prime.
Player Experience and Performance
While the effect of rewards, in a broader sense, has been shown to have a positive effect on player experience and performance in some cases, little is yet known about the effects of powerups specifically.
Bonus rewards, as described by Duarte and Carriço [13] , appear to have similar properties to power-ups. This research demonstrated the influence of such rewards on physiological responses of players when engaged in a casual game play. Nonetheless, the subjective experiences of players were not explored in these studies.
Power-ups, being a prominent example of in-game rewards, is linked to positive gaming experiences, as it offers temporary abilities that can improve players' performance or allows them to bypass difficult sections of the game. Not only it can be used as a way to achieve a goal, but it also is often perceived as a goal in its own right to be achieved by the player [24] .
Other game elements aimed at altering player performance include difficulty adjustment, which has been shown to have a positive effect on player experience [10] . However, another interesting finding described in this paper suggests that only some of this effect was due to the implemented algorithms. Part of this experience was also due to the players' positive expectations and perceptions of this feature. The same phenomenon might occur when using power-ups in video games.
Being visually 'juicy' [29] , these items can motivate the player to gather many of them throughout their game journey. Juicy rewards provide a fun and interesting way for the players to collect these aesthetically pleasing items and making it a part of their goal in the game [18] .
This 'juiciness' has received little attention with regards to studying the role that power-up aesthetics plays in shaping gaming experiences. According to Juul [22] , feedback in the form of visuals, animations, and sounds does not only provide the player with information about their performance, but also "gives the player an immediate, pleasurable experience [...] enhancing the experience of feeling competent, or clever, when playing a game". Hence, addressing the aesthetic value of power-ups in addition to their natural ability to improve the performance of players is of high priority for our research.
Power-ups can be viewed through two lenses: aesthetic lens and performative lens. Hence, two questions arise: To what extent is the positive experience of players shaped by their newly acquired temporary abilities? and To what extent do they feel rewarded as a result of collecting a 'juicy' powerup? To our knowledge, these questions have not yet been empirically tested.
We expect several player experiences to be affected by the presence of power-ups in a game. Competence [28] and perceived challenge [11] are linked to one's performance in the game, which means they might be directly influenced by the presence of power-ups. Similarly, autonomy [28] is influenced by the player's experience of choice in the game, which powerups offer. Finally, immersion [4, 20] is influenced not only by the physical attributes of a video game, but also through the player's expectations of the game [25] . If we wish to test the effect of power-ups' aesthetic value on player experience, measuring immersion is paramount to our research.
Hypotheses
Based on our review of existing literature on in-game rewards and their effects on player experience and performance in games, we propose the following hypotheses:
H1a: Power-ups increase a player's immersion. H1b: Power-ups lead to a higher sense of autonomy. H1c: Power-ups lead to a higher sense of competence. H1d: Power-ups lower a player's perceived challenge. H2: Power-ups improve player performance. H3: Real power-ups provide a more immersive experience to the player than placebo power-ups. H4: Players perform better in a game with real power-ups than when playing with placebo power-ups.
EXPERIMENTAL METHOD
To test the hypotheses, we conducted a between-subject design study with power-ups being the experimental manipulation in the game. For the purpose of this experiment, we focus only on the 'expendable and instant' power-ups, as defined by Lange-Nielsen [24] .
Overall, there were three groups of participants:
1. A group playing the base game without power-ups; 2. A group playing the game with power-ups; and 3. A group playing the base game with placebo power-ups.
The dependent variables were player experience, which included immersion, competence, autonomy, and challenge; as well as in-game scores as a measure of one's performance.
Participants
Overall, 36 participants took part in the study (12 in each condition). 12 participants were female and 20 were male, with the age range between 18 and 24 years (M = 20.52, SD = 1.88). Opportunity sampling was used to recruit participants from a variety of different locations within the UK, including Birmingham, Swansea, Bath, and Cardiff.
Participants were split equally across three groups based on their background and level of gaming experience. The majority were educated to a higher education degree level, and the remaining few had a secondary education degree. Our participants also had varying levels of gaming experience: all groups of players had 6-8 players who had previous gaming experience that could be considered as intermediate or higher; and 4-6 participants who were casual players or had little to no previous experience of playing video games.
Materials
In this study, we recorded in-game scores of all players as a measurement of their objective performance. We also measured different aspects of player experience to explore to which extent each of them could be influenced by the manipulation.
Based on the previous research conducted by Denisova and Cairns [9] , we hypothesised that immersion would be affected by the presence of placebo features. We measured immersion and its components using the Immersive Experience Questionnaire (IEQ) [20] .
As power-ups aim to influence the performance of players [1] , we wanted to find out whether players' perceived competence, autonomy, and challenge change based on this manipulation. We measured one's feeling of competence and autonomy using the Player Experience of Need Satisfaction (PENS) scales [28] . However, we did not include the control, relatedness, or immersion sub-scales, as these experiences were already covered by the IEQ [12] . All items from both questionnaires were ranked from 1 to 7 on a Likert scale.
Game
The game used for this study was a modified version of a survival shooter game, Nightmares. The player controls a little boy in a nightgown who has to defend himself from procedurally generated zombie toys attacking him. The objective of the game is to kill as many enemies as possible before they deal damage to the player. The performance of the player is measured as an overall score in the game based on the number of enemies killed as a positive increment of the score and the damage dealt to the player as the negative increment. More difficult enemies yielded more points. Nightmares was chosen to ensure a similar entry-level experience for all players, as none of our participants had had previous experience with this game. The same level of control cannot always be achieved when using a commercial video game. Second, the game controls and rules were simple enough for participants with different expertise levels to learn within a short period of time. Finally, the gameplay and mechanics of the chosen game allowed for a variety of different power-ups to be implemented.
To begin with, we made the following modifications to the base game:
1. The game world was expanded to provide a more varied experience for the players; 2. Five lives were introduced to the game to allow for more prolonged gameplay; 3. Two expendable power-ups were created: one increased the health of the main character and another one offered an extra life (see Figure 1 ).
We then used this modified game to create three versions to test our hypotheses. The first 'control' condition provided players with the base game, including the three modifications. We kept the life and health pick-ups for the control group as a means of prolonging the gaming session. However, they were not counted as a part of our manipulation. As previously discussed, these items provide permanent alterations to the game states, which is outside of the scope of this experiment -the focus of our study was on expendable power-ups with temporary modifications to the game state.
The 'regular power-ups' condition offered the base game with three different temporary power-ups in addition to the permanent items available to all participants in the three conditions (Health and Life). The temporary power-ups modified the original gun with regular bullets shooting at a set interval, speed, and range. Each player could collect one of the following power-ups ( Figure 1) :
Green power-up: Continuous, more powerful laser; Blue power-up: Double bullets dealing double damage; Red power-up: Shotgun style laser with a slower rate of fire that causes more damage.
Once collected, these power-ups changed the appearance, sound, speed, damage, and fire interval of the bullets. Each power-up lasted for 10 seconds before switching back to the standard gun.
Finally, the players in the 'placebo power-ups' condition played the base game with added visual representations of the power-ups, just like in the 'regular power-ups'. However, these items had no effect on the game state, i.e. selecting a double-bullets power-up would have the visual representation of this item, but would not deal the double damage it would be expected to.
A broad range of power-up options was considered before selecting these, as the game provided many opportunities for varying different parameters. After careful consideration of these options and the review of literature on power-up types, we chose the ones that temporarily altered the player's performance in the game, in this case, it was the attack-related parameters. This was also based on the idea that the placebo effect occurs in situations where performance is the key.
Procedure
The study was conducted online. All participants were sent a link to an online survey created in Google Forms, which was also linked to one of the versions of the game that they played on their devices (tabletop computers).
Each participant was provided with an informed consent form at the start of the study, which they digitally signed if they agreed with the terms outlined in the document. They then were prompted to start the game, which began with a tutorial that introduced the players to the controls and goals of the game. After that, they completed the main part of the study: a 10-minute gaming session in one of the three experimental conditions. The chosen session time was on par with the findings of Brown and Cairns [4] , who argue that short-term involvement with the game, such as this one, would be enough to immerse the player.
Upon completion of the gaming session, each participant filled out the online survey. At the end of the survey, each participant was prompted to upload a file generated upon completion of the game containing the performance data for that participant, including their overall score, number of deaths, amount of lost health, number of kills, and number of power-ups picked up (and their type).
RESULTS
The quantitative measures were then analysed using one-way ANOVA in SPSS 24 to calculate the effects of the experimental manipulation on a range of player experiences (significance level at p = 0.05). Where applicable, pairwise comparisons were made using Tukey HSD.
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Immersion Immersion level, as measured by the IEQ, differed significantly between the three groups of players (Table 1) , supporting H1a. The players in the control group (no power-ups) felt significantly less immersed in the game than the participants playing with real power-ups: p = 0.043. Similarly, the players who picked up placebo power-ups during their gaming sessions felt significantly more immersed in the game play than the players in the control group: p = 0.033. However, no significant difference was found between immersion scores collected from players in real power-ups and placebo power-ups groups. Hence, H3 cannot be supported.
Out of the five components of immersion, cognitive and emotional involvement differed significantly between the three groups of players. However, the sense of control and challenge, as well as players' sense of dissociation from the real world (Table 1) , were similar across all three groups, regardless of whether they played with power-ups or not. Thus, H1d cannot be supported.
Autonomy and Competence
Interestingly, the sense of competence did not differ between participants in the three conditions, which means that H1c cannot be supported.
However, the level of perceived autonomy differed significantly between the groups of players (Table 1) , supporting H1b. Players experienced higher levels of autonomy when playing with real power-ups than the players who were in the control group: p = 0.003. Similarly, players who were in the placebo power-ups condition also experienced significantly higher autonomy than the players in the control group: p = 0.002. However, the sense of autonomy did not differ between the players who experienced real power-ups and players who picked up placebo power-ups in the game: p = 0.991 (H3 cannot be supported).
In-game performance
The data collected at the end of the gaming session allowed us to compare the performance of players in the three groups based on their overall score, which was calculated based on the number of character deaths, their health, and the number of enemies they killed. There was no significant difference between the players' scores in the three groups (Table 1) . Hence, both H2 and H4 cannot be supported.
Power-up collection
One factor that was outside of our direct control was the frequency of picking up power-ups by players in different groups. Hence, a possibility remained that players in some groups might not collect as many power-ups as the players in other conditions, which could confound our results.
However, the frequency of picking up permanent power-ups (Health and Life) in the game was similar across the three groups of players ( Similarly, the frequency of picking up temporary power-ups (Guns) did not differ between the two groups with experimental manipulations ( Table 3) .
Real Power-Ups Placebo Power-Ups
Laser Gun (Green) 5.33 ± 6.64 8.25 ± 6.00 Laser Cannon (Red) 4.83 ± 3.90 6.67 ± 4.03 Double Bullets (Blue) 5.75 ± 5.61 6.92 ± 6.32 Table 3 . M ± SD of temporary power-ups collected by players in two experimental conditions. This demonstrates that all three groups of players used their opportunity to collect power-ups in a similar manner. Therefore, the possibility that the lack of differences in performance, competence, or challenge being attributed to the different exposure or usage of the power-ups can be eliminated.
DISCUSSION
Player experience and performance in video games can be transformed through the use of different in-game elements, including power-ups. Our literature review of empirical studies in the field of player experience revealed the lack of research into the effects of power-ups on subjective experiences of players, as well as their objective performance in games. We, Table 1 . Player experiences and in-game performance (M ± SD) in three experimental conditions: no power-ups (control), real power-ups, and placebo power-ups (analysis of variance was calculated using ANOVA. Significant results are shown as follows: *p < 0.05, **p < 0.01, ***p < 0.001). therefore, proposed four hypotheses linking player experiences and performances with power-ups, as seen in Section 2.3. To put these hypotheses to the test, we conducted an experimental study using a range of different power-ups and measuring some of the most widely researched gaming experiences.
The study provides insights regarding the impact of powerups in a recreational video game on player experience and performance. More specifically, our findings extend existing research on in-game rewards by exploring how immersion, autonomy, competence, and challenge are affected by the presence of power-ups with and without actual functionality that alters gameplay being implemented.
Our findings support the notion of power-ups having a positive effect on one's sense of immersion and autonomy, while having no effect on their perception of challenge or competence. These results are on par with the findings from Johnson et al. [21] , who showed that in a recreational video game, immersion and enjoyment were influenced by reward types, but not the feeling of competence.
Interestingly, the increased feeling of immersion in the game as a result of playing with power-ups was observed in both groups of players who experienced real and placebo powerups. This was in step with the findings of Denisova and Cairns [10] who showed that game features that aim to enhance player performance lead to more positive player experiences regardless of whether their functionality is present or not. In their study, a similar pattern emerged when players were presented with a difficulty adjustment in a game and a placebo difficulty adjustment that did not have the functionality implemented.
Another gaming experience that was influenced by the presence of power-ups was a sense of autonomy. This is, perhaps, less surprising due to the nature of this experience -having the choice to pick up consumable items in the game provides players with more autonomy than offering no power-ups.
Contrary to our expectations, the performance of players, as well as their perceived competence and challenge, were not affected by the power-ups. The literature we reviewed for this study describes power-ups as special items aimed at providing the player with a temporary boost in their performance. However, we found no such difference between the scores that players received depending on the experimental manipulation. This, in turn, resulted in similar experiences of challenge and competence by players in different conditions, as these experiences are directly linked to one's performance. This could, perhaps, be explained through the lens of autonomy: offering players power-ups does not necessarily result in players collecting them frequently enough to make a difference to their performance. Therefore, it is not guaranteed that the scores of players exposed to power-ups would be significantly higher than of those who did not get this option in the game.
Implications
Overall then, these findings bear several implications for game developers, testers, and user researchers. First, the findings provide evidence that players experience the game both through the lens of their own performance (competence and challenge), as well as through the lens of aesthetic values and the perception of choice (autonomy and immersion). In the case of power-ups, the second lens plays a more vital role in shaping the positive experience of players than the performance lens, as shown in our study. For game design, this finding provides evidence that offering players temporary rewards that aim to boost their performance would have a positive impact on their gaming experience.
This affords a potentially interesting 'subverted' mechanic for a video game: having some 'empty' power-ups available to the player could result in new ways to increase players' uncertainty in the game. Finding out about receiving an 'empty' power-up from a player/non-player character might test the player's trust and could be used in games that rely on hidden information as a means of providing suspense, particularly in competitive or even team-based environments.
Second, our findings provide further insights into the persuasive nature of power-ups and their effect on player experience. It is evident that player experience, in our set-up, was influenced solely by the expectation of power-up functionality, which was not present for some players. This is an interesting discovery, as it offers further evidence of immersion being dependent on player expectations [25] and broadens our current understanding of autonomy experienced by players when collecting such items.
Third, our work has implications for experimental study design: our findings suggest that it is possible to test game features that aim to enhance player performance without having to implement the functionality to full extent, i.e. it is possible to trial different in-game rewards and performance-enhancing characteristics of games using Wizard-of-Oz studies that provide the looks but not the functionality of the game elements.
This, certainly, raises some questions from the ethical point of view, whether it would be acceptable for game companies to include 'empty' features in games. The aim of our work is not to make such suggestions. However, we propose that further work is needed to evaluate to what extent it is acceptable to use placebo rewards, if at all.
Limitations and Future Work
The long-term effects of different in-game elements on player experience is a relatively underrepresented area of games user research. Our study is not an exception. Perhaps, if players were exposed to the power-ups for longer periods of time, if they played in a more controlled environment (e.g. in a lab), or if they were already familiar with the game, their performance in and experience with the game could be different.
Despite the sample size in this study being on par with the sample quality of other experimental studies in games user research, collecting data from a larger sample would have provided more confidence in our findings, particularly with respect to the small effect sizes [15] . In general, a minimum of 30 participants per condition is recommended to obtain a power of 80% given the effect size is medium to large [30] . Hence, gathering a considerably larger number of players will be necessary to further test our findings. Furthermore, a within-subject design might provide more insights into this phenomenon. Having played through the three versions of the game, the players might experience the placebo power-ups differently. This could lead to different findings with regards to the performance of players, as well as their confidence and experience of challenge.
Our current set-up focuses only on one genre and one version of gameplay. Perhaps, if the game had a winning condition, the players would notice the lack of functionality in the 'placebo' condition. Similarly, this could lead to a different experience of competence and performance, with the real power-ups group being the most likely group to win the game.
Furthermore, other platformer games, where power-ups are a commonly used mechanic, should be researched. Similarly, as power-ups are not limited to only platformers, exploring their effects on players experiences in role-playing games, firstperson shooters, dungeon-crawlers, and other game genres is equally as important for this research area.
Finally, the focus of this study was on expendable and instant power-ups with temporary effects. Exploring the other three types of power-ups in games, as defined by Lange-Nielsen [24] , would be another interesting area for future exploration.
CONCLUSION
Our research provides preliminary insights regarding the impact of power-ups in a recreational video game on player experience and performance. We examined the nature of the effect of power-ups through the lens of performative metrics and aesthetic 'juiciness'. To separate the two, real power-ups were compared to placebo power-ups -visually identical items without the anticipated changes to the gameplay. The results of our exploratory work demonstrate that players' sense of autonomy and immersion in the game are directly linked to the presence of power-ups, regardless of whether the functionality was coded in or not. Conversely to our initial hypothesis, the performance of players experiencing the game with real and placebo power-ups did not differ significantly. Similarly, the perceived challenge and the feeling of competence during game play were not significantly different depending on the experimental manipulation.
We hope our research provides helpful insights for game user researchers studying player experiences or video games in a broader sense, as well as for game developers looking for evidence suggesting that power-ups are a valuable addition to their game. Specifically, we discuss different game designs using alternative mechanics that could provide certain benefits for a range of video games. We aim to broaden the discussion of player experiences to include the notion of player expectations that play a vital role in shaping these experiences, which we study through the use of phantom mechanics, in this case, placebo power-ups.
